abstract OBJECTIVES: The goal of this study was to examine rates of psychotropic medication use and identify associated child and family characteristics among children and adolescents with autism spectrum disorder (ASD) enrolled in an autism registry maintained by the Autism Treatment Network (ATN).
The autism spectrum disorders (ASDs) have received increased attention over the past 2 decades, with rising rates of recognition and diagnosis. With the increasing number of identified cases has come a concomitant increase in the use of a variety of psychotropic medications as part of the individual' s overall treatment plan. Surveys of the topic over this time period have documented use in various populations. [1] [2] [3] [4] [5] The parent-completed surveys conducted by Lam et al noted direct associations of medication use with older age, intellectual disability, and more restrictive home and educational placements. 2 Across 3 regional surveys, use of any psychotropic medication was reported in 30% to 45% of individuals. These authors found varying demographic correlates with use of specific classes of medications, but the surveys lacked information regarding specific indications or target symptoms in this population. The survey conducted by Witwer and Lecavalier 6 showed correlation of medication class with behavioral subscale scores and adaptive behavior. For example, children with high hyperactive and conduct problem scores were more likely to receive antipsychotics and psychostimulants. Lower adaptive behavior scores were associated with higher antipsychotic and mood stabilizer use.
When used, medications are generally chosen to treat specific symptoms because there are no currently available pharmacologic agents with proven efficacyto treat the core ASD symptoms.This has led to the use of medicines known to be effective for other specific target symptoms or behaviors commonly seen in ASD, such as attention and distractibility, obsessive or compulsive behaviors, anxiety, and depression. Other factors affecting use and choice of medication, such as IQ, functional level, and other comorbidities, have not been routinely addressed in previous studies.
The goal of this study was to examine the reported use of psychotropic medications in children and youth with ASD and receiving care through the Autism Speaks Autism Treatment Network (ATN), a multisite consortium of autism programs across the United States and Canada. We were particularly interested in describing use by drug class, age, and race/ethnicity, as well as by presence or absence of (1) psychiatric comorbidity, (2) other medical comorbidity, and (3) behavioral symptoms.
METHODS

Study Sample
The Autism Speaks ATN, a collaboration among 17 academic health centers in the United States and Canada, has developed a common registry for children enrolled in the several sites. Families are offered the opportunity to participate in the registry, which requires written consent and sharing of additional personal health information and completion of additional questionnaires. The study is approved by the institutional review board at each site. Main registry inclusion criteria are age 2 to 18 years and confirmation of a diagnosis of autism, Asperger disorder, or pervasive developmental disorder not otherwise specified using a battery of assessments including Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) criteria and administration of the Autism Diagnostic Observation Schedule. Parents provided information regarding previous diagnoses, testing, and treatments. Clinicians accepted parent reports of comorbid psychiatric diagnoses, which reflect both parents' understanding of their child' s condition and other physicians' description to parents and presumed rationale for treatment. Medications reported by parents were those received at time of enrollment and confirmed by ATN clinicians. All data collected were entered into the registry database by trained study coordinators at each site. The registry database is maintained by the EMMES Corporation (Bethesda, MD). Enrollment for the registry (based on the date of consent) began in December 2007. The study sample included all children enrolled in the ATN Registry from December 2007 to the end of April 2011.
Study Variables
Use of Psychotropic Medications
Receipt of psychotropic medications at the time of enrollment into the ATN registry was the primary study measure. We categorized medications as stimulants, selective serotonin reuptake inhibitors (SSRIs), a-adrenergic agents, and antipsychotic medications. Concurrent use of .1 medication was identified, as well as class of medication. We did not determine dose or timeframe of medication taking.
Demographics
Demographic characteristics included child gender, age, and race/ethnicity. We categorized age as ,3 years, 3 to 5 years, 6 to 11 year, and 12 to 17 years; race and ethnicity (from parent report) were categorized as Native American or Alaskan Native, Asian, black or African American, Native Hawaiian or Pacific Islander, white, black Canadian, and mixed race. Because of the small numbers in some categories, these were collapsed to white/Caucasian and nonwhite/Caucasian. Ethnicity was categorized as Hispanic or Latino origin and non-Hispanic or non-Latino.
Comorbid Conditions
Parents reported comorbid psychiatric conditions at the time of enrollment in the registry. Conditions included attention-deficit/hyperactivity disorder (ADHD), bipolar disorder, obsessive-compulsive disorder (OCD), anxiety, and depression.
The initial medical history questionnaire queried gastrointestinal (GI) symptoms, specifically constipation, diarrhea, abdominal pain, and GI allergy. We dichotomized children into those with and without reported GI symptoms. To determine the presence of sleep disorders, we used the Child Sleep Health Questionnaire (CSHQ), a 33-item parent completed questionnaire. 7 Insofar as the CSHQ has been studied well only to age 10 years, we limited analyses of sleep disorder associations with psychotropic medication use to children ,11 years old. 8 Total CSHQ scores .41 have been reported as a sensitive cutoff for clinically significant sleep problems. We also included presence or absence of seizures by parent report. Additional child characteristics included externalizing, internalizing, and total scale scores on the Child Behavior Checklist (CBCL), a validated measure of behaviors. We used cutoff scores of 70 on the CBCL scales as denoting risk for behavioral problems. 9 
Control Variables
Previous research has shown associations of ASD diagnostic category and cognitive status with use of medications. We controlled for these as well as insurance status (private, public, or Medicaid) and parental educational status in multivariable analyses.
Analysis
We initially determined variations in use of medications by age and race, using x 2 to determine significance. We then examined variations in use by psychiatric comorbidities, other medical comorbidities, and behavioral symptoms in multivariable analyses, controlling for age, IQ, primary caregiver education, insurance, ASD diagnosis, race, and ethnicity when noted. Adjusted odds ratios are provided for medication use.
RESULTS
Medication information was available for 2853 children enrolled in the ATN Registry. Of the 2853, 763 (27%) were prescribed $1 psychotropic medication; 15% received 1 medication, 7.4% received 2 medications, and 4.5% reported receiving $3.
Use of Psychotropic Medication by Age
Medication use varied substantially by age. Only 1% of children under age 3 years were reported as using any psychotropic medication. Among children aged 3 to 5 years, 10% were taking $1 psychotropic medication; among 6-to 11-year old children, 44%; and among 12-to 17-year-olds, 64% were taking $1 psychotropic medication. Table 1 provides information on the specific psychotropic medications by age group.
Demographic Variations in Psychotropic Medication Use
There were no significant variations in medication use by IQ or gender. Children with private insurance had a higher rate of psychotropic medication receipt compared with children with other or no insurance (P = .003; see Table 2 ). Nonwhite (19%) and 
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Psychotropic Medications and Comorbid Psychiatric and Medical Diagnoses
Of the 442 children with a comorbid diagnosis of ADHD, bipolar disorder, OCD, depression, or anxiety, 362 (82%) were on $1 psychotropic medication. Of these, 39% received only 1 psychotropic medication, 26% received 2, and 16% received $3 (Table 3) . Among children with a diagnosis of ADHD, although the most common medication used was stimulants, these children also had higher use of a-agonists and atypical antipsychotics. Only 16% of children without a psychiatric comorbidity used psychotropic medication. Children whose parents reported GI symptoms or sleep problems had higher use of medications (29% and 30%, respectively) than children whose parents reported no such problems.
Psychotropic Medications and CBCL Subscales
Children did not significantly differ on the CBCL internalizing problem scores with regard to psychotropic medication use (P = .52; Table 4 ). Children with CBCL total problems score .70 (36%) were more likely to take psychotropic medications than children with lower scores (22%; P , .0001).
Results for the externalizing problems score were similar, and these children were more likely to receive an atypical antipsychotic.
DISCUSSION
Among subjects in the Autism Speaks ATN registry, 27% received psychotropic medications; rates were much higher among older children. These rates compare with reports in the literature ranging from 24% to ∼80%. [1] [2] [3] [4] [5] The high predominance of children under age 5 in the registry likely explains the relatively low overall rate. This study found 10% of children under age 6 used medications, 44% among those in the 6 to 11 age range, and 64% for children over age 12. Rates of medication use in these older groups are similar to other reports in the literature. The sample in Mandell' s study had ,2% under age 3 and 19% under age 6, with 76% between 6 and 18. Younger children are less likely to be prescribed these medications, and newly diagnosed children are less likely to have these medications prescribed at their first visit.
Access to health care by health insurance coverage may be another factor. Children with other or no insurance had lower rates of medication use. This could reflect differences in complexity, and it could also reflect variations in access associated with different insurance coverage.
We found variations in medication use related to race and ethnicity, with white/Caucasians and non-Hispanic or Latino subjects more likely to receive medication. Almost 27% of white/Caucasian subjects were receiving medication versus 18% of nonwhites (P , .0001). Non-Hispanic/ Latino showed similar proportions with 26.5% receiving medication versus 16% Hispanic/Latino (P = .0002). White/Caucasian and non-Hispanic/ Latino subjects were also more likely to receive $3 medications.
Medical comorbidities also influence psychotropic usage. Parent-reported GI problems and sleep problems were both associated with increased use of these medicines. Much current research addresses medical symptoms in efforts to better define broader phenotypes of ASD, with increasing evidence that ASD represents a wholebody disorder, affecting other organ systems (GI, endocrine, immunologic) as well as the central nervous system. 10 Buie 11 and others have described responses to GI conditions including common ASD behaviors such as repetitive movements and self-injurious behaviors. Sleep problems, common in ASD, have been associated with increased behavioral problems as measured by the CBCL. [12] [13] [14] We examined variables from the CBCL to determine associations with clusters of behaviors apart from comorbid psychiatric diagnoses. Although we found no influence of internalizing problems, there was a relationship with clinically significant scores on the externalizing problems scale and the CBCL Total Score. The externalizing problems scale addresses disruptive behaviors such as oppositional behaviors, aggression, and attention problems.
As previously noted, no medications specifically address the core symptoms of ASD. Psychotropic medication use is directed at target symptoms and behaviors, usually guided by the effectiveness of medications for other psychiatric disorders that appear to be comorbid with the patient' s ASD. We found strong relationships between medication use and parent reports of other psychiatric conditions. Subjects with a comorbid diagnosis of depression received medication 94% of the time, and those with comorbid bipolar disorder, ADHD, OCD, or anxiety all received medication at least 80% of the time. Comorbid psychiatric diagnoses are difficult to identify in younger children, but as children mature, the symptoms become more apparent. It also should be noted that these are parent reports of these diagnoses. DSM-IV-TR does not allow the formal diagnosis of these disorders in a patient with autism; for this reason, it may be more accurate to consider these as symptoms of these disorders. Only 15% of children with ASD and no comorbid psychiatric diagnosis received medication. For this group, clinicians may have followed DSM-IV-TR guidelines and did not make a comorbid psychiatric diagnosis but felt the patient had symptoms significant enough to warrant medication treatment. However, studies have shown that a high proportion of prescriptions for psychotropic medications such as anxiety medications fail to have a corroborating diagnosis in the medical record. [15] [16] [17] Our data do not allow confirmation via medical records or other sources.
The use of the 4 categories of psychotropic medications tracked in this study has increased over the past 2 decades. In 2002, Langworthy-Lam, Aman, and colleagues 1 surveyed 1538 families in North Carolina and repeated this with a similar study of families in Ohio in 2003. 2 They found similar results in each state, with 45% of individuals receiving psychotropic medications, most commonly antidepressants (eg, fluoxetine), antipsychotics (eg, risperidone), and stimulants (eg, methylphenidate). Analysis of a large commercial claims and encounters database found nearly 57% received a psychotropic medication. 3 Among Medicaid-enrolled children with autism spectrum disorders, 4 56% received #1 psychotropic medication, with 20% receiving $3. They found these medicines were being prescribed to a significant proportion of this population, with 18% of those aged #2 on medications and 32% of those in the 3-to 5-year old preschool age group. An examination of data from the National Ambulatory Medical Care Survey and the outpatient portion of the National Hospital Ambulatory Medical Care Survey found ∼80% of ASD visits were prescribed psychotropic medications, with a mean of 2.4 medications prescribed at any given visit. 5 Prescriptions for stimulant medications, typically for ADHD, have steadily risen. ADHD symptoms are common in individuals with ASD, and stimulant medications are frequently prescribed. A recent review 18 found evidence for effectiveness of stimulants, noradrenergic reuptake inhibitors, antipsychotics, and a-adrenergic agonists.
Studies conducted by the Research
Units on Pediatric Psychopharmacology Autism Network have demonstrated benefit of methylphenidate for ADHD symptoms, although the effect size was less than that seen in typically developing children, and adverse effects were more frequent. 19 Additional review of this population revealed improvement in hyperactive and impulsive symptoms more than symptoms of inattention, 20 with no benefit on oppositional defiant symptoms and no worsening of stereotypies. Methylphenidate also improved social communication and social initiation, response to bids for joint attention, self-regulation, and regulated affective state. 21 Another pair of prospective and retrospective studies conducted in a specialty center in England demonstrated benefit of methylphenidate for ADHD symptoms in ASD, but to a lesser extent than in typically developing subjects. 22 A more recent review confirmed this general response in several studies. 23 The effectiveness of SSRIs in treating OCD led to use of these medications as potential treatments for repetitive behaviors and stereotypies in ASD. The benefits of these medications for symptoms of anxiety, which are common in ASD, have led to their use for this symptom. Reviews of several studies examining citalopram, escitalopram, fluoxetine, fluvoxamine, and sertraline suggested benefit in ASD, 24, 25 but problems with study methodologies have raised some doubts. A subsequent rigorous study of citalopram failed to demonstrate benefit for repetitive behaviors. 26 A similar study of fluoxetine also showed no benefit. A recent Cochrane review of SSRI use in treatment of ASD found no evidence of effect. 27 The antipsychotic medications, especially the atypical antipsychotics, have been studied extensively over the past 20 years. The second-generation (atypical) antipsychotics have gained popularity because of initial evidence that risk of movement disorder side effects may be less than with firstgeneration antipsychotics. The antipsychotic group of medicines is primarily used to treat aggression, selfinjurious behavior and severe temper tantrums, a cluster of symptoms collectively referred to as irritability. 28 Risperidone has been shown to improve irritability symptoms; improvements in restricted, repetitive, and stereotyped patterns of behavior; interest; and activities. 29 Since 2006, the US Food and Drug Administration has approved 2 atypical antipsychotic medications for treatment of irritability in autistic disorder (risperidone for children 5 to 16 years and aripiprazole for those aged 6 to 17 years), and the a-agonists guanfacine and clonidine have been approved for treatment of ADHD in new extended release formulations for children aged 6 to 17 years. The evidence for effectiveness of medications is gradually accumulating, 30, 31 and physician prescription of these medicines to treat ASD and comorbid psychiatric conditions will likely increase with time.
Families often have difficulty determining whether medication is needed as part of the treatment plan for a child or adolescent with ASD and challenging behavior. Autism Speaks and the Autism Intervention Research Network on Physical Health have developed a Medication Decision Aid and Toolkit that is posted on the Autism Speaks web site as a means of helping families and providers minimize polypharmacy by identifying specific reasons for medication use and increasing awareness of the need for an approach that uses both medication and behavioral interventions.
Our study has several limitations. The data used are collected from families upon entry into the ATN Registry.
Approximately one-third of subjects have a diagnosis before coming to this registry; as a result, parent report of comorbid diagnoses and treatment with psychotropic medications often represents care provided outside the ATN site. Criteria used for making these diagnoses, whether some comorbid symptoms are secondary to these medicines, the perceived effectiveness of these medicines, and the temporal relationship between initiation of these medications and any other therapies the child may be receiving are not known. Similarly, the data do not permit determination of the effectiveness of any previous treatments or if any previous treatment trials provided appropriate time and monitoring. We have minimal information on socioeconomic status and a predominantly Caucasian population, permitting little study of cultural differences in diagnosis or medication use.
Our study does confirm that significant numbers of children and adolescents with ASD are prescribed psychotropic medications, with supportive findings of behavioral problems on CBCL. There has been a trend for increasing use of these medicines over the past 20 years for a variety of reasons, and as knowledge of their efficacy is acquired, it is likely that this will continue to increase. Future studies should include factors such as nonmedical therapies (applied behavioral analysis techniques, parent behavioral training, speech therapy, occupational therapies) and examine both their use and their time of initiation relative to start of medication to determine their impact on reducing or delaying medication use. The role of cultural differences and health disparities also needs attention because these have become more apparent as factors affecting both seeking and receiving health care services. Furthermore, the effects of children receiving coordinated care through a medical home model should also be examined because this may facilitate earlier referral to early intervention and other, nonmedical therapies. Finally, there is a need for better outcome measures for autism spectrum disorders to ascertain the benefits of the therapies individuals receive. Such measures could help clinicians determine any broader benefits for the well-being of these patients beyond the direct effect on target symptoms.
